underdiagnosed and overlooked by physicians as well as patients. [2] Most often, allergic diseases occur with associated conditions, and AR is no exception.
INTRODUCTION
Allergic rhinitis (AR) is the most common of all atopic conditions, affecting about 10%-30% of adults and up to 40% of children worldwide. [1] It has a significant impact on health and affects sleep quality, work productivity, and school performance. Despite this, it is often often co-exist in the same patient. [4] [5] [6] Both AR and asthma are immunoglobulin E-mediated allergies, triggered by similar allergens and have inter-related inflammatory and pathophysiological mechanisms. Therefore, the presence of AR is considered as a risk factor for, both the incidence as well as the severity of, asthma. [2, 7] The coexistence of AR and asthma can lead to delay in the right treatment, as these patients often undergo rounds of consultations with chest physicians, allergy experts, otolaryngologists, general physicians, and pediatricians. Moreover, treatment focus is mainly on asthma with less attention given to the associated rhinitis, which often goes unrecognized.
In India, the burden of allergic diseases has been on a rising trend in terms of prevalence as well as severity. The All-India Co-ordinated Project on Aeroallergens and Human Health, New Delhi, in 2000, showed that about 20%-IBM Singapore Pvt Ltd. 30% of the Indian population suffers from AR, and that 15% develop asthma. [8] Although the simultaneous presentation of AR and asthma has been evaluated in the Indian population in a few small studies, [9, 10] nationwide data is lacking. This study aimed to assess the co-existence of AR in patients with asthma in India and examine the inter-relationship between the two disease conditions.
SUBJECTS AND METHODS
A nationwide epidemiological survey was conducted from March to May 2015, across ten cities in India [ Table 1 ]. We aimed to obtain data from 1000 patients, for which 100 chest physicians across the country were randomly selected from the Cipla database (which covers 100% of the universe of chest physicians of India) from the four main zones (North, South, East, and West) of India and invited to participate in the study. Each doctor was asked to provide data on 10-15 patients, who were diagnosed with asthma as per their clinical judgment. Asthma was further classified as mild, moderate, or severe as per the physician's judgment. Diagnosis of AR was based on the AR and its Impact on Asthma (ARIA) [11] guideline questionnaire.
The participating physicians were asked to fill a survey questionnaire (Appendix), which included eight major questions assessing demographic data (age, gender, and residence), data on exposure to risk factors, namely personal and family history of atopy, exposure to pets/animals at home, smoking status, exposure to biomass as well as any occupational exposure to allergens. The use of current medications for asthma and AR and their inter-relationship was also evaluated. The study was approved by the Independent Ethics Committee, Pune. 
Statistical analysis

RESULTS
Participant demographics
We received data on 1161 asthmatic patients from 83 physicians across India [ Figure 1 ]. The mean age (±SD) was 40.88 (±17.03) years; 56% were male. Majority (52.38%) of the patients had moderate asthma (52.38%), followed by mild (33.73%), and severe asthma (13.89% of patients).
The prevalence of co-existing AR in asthma patients was found to be 65.24% [n = 672; Figure 2 ]. Nearly 17% of patients with coexisting AR-asthma had never been diagnosed for their AR earlier. The presence of co-morbid asthma and AR was found to be the highest in the age group of 19-44 years; the prevalence was found to decrease with increasing age [ Figure 3 ]. The AR-asthma comorbidity was more frequent in males (56%) than in females (44%). The highest prevalence (80%) of the AR-asthma coexistence was seen in the southern regions of India [ Figure 4 ]. The clinical and demographic characteristics of the patients are shown in Table 2 .
Association of atopy with allergic rhinitis-asthma coexistence
The co-existence of AR and asthma was significantly associated with the presence of personal and family history of atopy (odds ratio 2.53 and 1.51, respectively; both P < 0.005). Passive smoking, exposure to biomass fuel, and the presence of pets and animals at home was also found to be significantly (P < 0.005) associated with AR-asthma coexistence [ Figure 5 ]. Out of the total study population, 79 patients (7.83%) underwent a skin prick test, of which, nearly 62 patients were sensitized to at least one aeroallergen. Majority of the patients were positive to house dust or house dust mites (n = 45) followed by cockroach allergen (n = 22).
No association was found between smoking, exposure to molds/fungus and coexistent AR-asthma.
Correlation of allergic rhinitis symptoms with asthma severity Majority (72.32%) of the patients had seasonal AR, while the rest had perennial AR (27.68%). Sneezing (71.78%), followed by watery, runny nose (63.59%) were the most common AR symptoms [ Figure 6 ]. The prevalence of concomitant AR in patients with severe, moderate, and mild asthma was 66.94%, 70.31%, and 56.39%, respectively. This prevalence was found to be significantly higher in severe and moderate asthmatic patients as compared to those that with mild asthma (P < 0.05).
The prevalence of perennial AR in mild, moderate, and severe asthma was 19%, 29%, and 40%, respectively [n = 1008; Figure 7 ]; the prevalence of perennial AR was also shown to be associated with the severity of asthma (P < 0.001).
The use of oral steroids was significantly (P < 0.001) higher in patients with concomitant AR-asthma [ Figure 8 ]. Sixty-six percent of the patients with comorbid AR-asthma were prescribed intranasal corticosteroids (INCS), while 58.93% of patients received a prescription for an antihistamine-antileukotriene combination. Of the patients previously diagnosed with AR, 97% were receiving medications for managing their AR, of which INCS was the most preferred choice of treatment. Nearly 45% of severe asthmatics with concomitant AR received INCS. INCS was also prescribed more often in patients with seasonal AR as compared to those with perennial AR [30.49% and 12.92%, respectively; P < 0.005; Figure 9 ].
DISCUSSION
The association between AR and asthma has been extensively reported in the literature. [1, [12] [13] [14] [15] There is a considerable variation in the observed prevalence of AR in patients with asthma globally, with a nearly 50%-100% prevalence being reported in the United States and Europe [16] to 6.2% in China. [17] In the International Study of Asthma and Allergies in Childhood study conducted in 56 countries (including India), many centers which had the highest prevalence of allergic-rhinoconjunctivitis (ARC) symptoms were not represented among the centers with the highest prevalence of asthma symptoms; however the centers with the lowest prevalence of ARC symptoms were similar to the centers for asthma symptoms. [18] In India too, different studies have reported varying results in the coexistence of AR and asthma, with frequencies ranging from 15% to >80%. [1, 9, 12, 13, 15] In a questionnaire-based study involving 646 asthmatics, 75% of children and 80% of adults showed co-existence of AR. [6] In another study which evaluated 111 children with AR, 74% had both AR and asthma, while only 8% and 17% had asthma alone and AR alone, respectively. [19] Our study is a nationwide survey, documenting the epidemiological link between the two diseases. The prevalence of AR in our study was found to be as high as 65.24% among Indian asthmatics. The prevalence of coexistent AR-asthma was found to be the highest in the southern region of India, followed by the western, northern, and eastern regions of India. Possible reasons for this regional diversity could be due to environmental differences and allergic triggers, which may have led to the high prevalence of co-existence of the two conditions in these patients.
Our study indicates that males have a higher prevalence of concomitant AR-asthma as compared to females. Similar trends were seen in a Finnish study, where the risk of AR was significantly higher in males than in females. [20] Age has been shown to significantly influence the prevalence of AR in patients with asthma. Studies have shown that the frequency of AR in asthmatics decreases with increasing age. [21, 22] In a study by Matsuno et al., the prevalence of AR was seen in 66% of asthmatics aged <60 years, whereas only 39% of asthmatics above 60 years of age had concomitant AR. [23] Thus, the results of our study, which showed the highest prevalence of the AR-asthma coexistence in the age group of 19-44 years, and decreasing with increasing age, are in concordance with the published literature. [20, 23] These findings may be attributed to the fact that generally, rhinitis subsides during the natural course of the chronic airway inflammatory disease. Alternatively, the more pronounced severity of asthma with increasing age may lead to under-diagnosis of AR.
Allergic sensitization to domestic allergens, aeroallergens, and exposure to trigger factors appears to be an important risk factor in the association between AR and asthma. In this study, the presence of pets and animals at home was found to be two-fold higher in patients with co-existing AR-asthma. Several other studies have also shown a higher frequency of AR-asthma comorbidity in subjects sensitized to pollens and animal dander. [24, 25] Our study also throws light on the relationship between the presence of AR and the severity of asthma. A higher prevalence of concomitant AR was demonstrated in patients with moderate and severe asthma (70.31% and 66.94%, respectively; P < 0.0001) as compared to mild asthma (56.39%). The prevalence of perennial AR was found to increase with increasing severity of asthma, from mild (19%) to moderate (29%) to severe (40%) (P < 0.05). This may indicate that greater the severity of asthma, higher is the prevalence of comorbid AR. A similar correlation was reported in a study by Ponte et al. , which demonstrated a 3.8-fold increase in the odds of emergency room visits (95% confidence interval [CI]: 2.00-7.35) in patients with moderate-to-severe rhinitis as compared to patients without rhinitis. In addition, patients with moderate-to-severe rhinitis had a 12.7-fold increase (95% CI: 1.73-92.85) in the odds of having uncontrolled asthma as compared to those without rhinitis. [26] Thus, as proposed by the ARIA working group, AR and asthma may be manifestations of one syndrome in two different parts of the respiratory system, with more severe AR corresponding directly with more severe asthma. [11] Our study also showed a positive correlation between perennial AR and the severity of asthma, indicating that the presence of perennial AR may be a potential contributing factor to more severe asthma. This is in tandem with the previously stated facts that long-term, uncontrolled AR is a major contributory factor for poor asthma control, which has been highlighted in several previous studies.
A two-fold increase was observed in the use of oral steroids for managing asthma, in patients with co-existing AR-asthma in our study, which may indicate a greater worsening of asthma in those having concomitant AR. The use of INCS in patients with co-existing AR-asthma was also found to be more in patients with seasonal AR than perennial AR, which emphasizes the need to study the barriers pertaining to the prescription of INCS (recommended treatment for persistent AR) by physicians and their acceptance by patients.
Study limitations
Our study has a few limitations. Participants included in the survey were identified based on physicians' diagnosis of asthma and could not be objectively verified. Furthermore, the patients' asthma was classified as mild, moderate and severe as per the physician's clinical judgment and could not be verified objectively. Further, subjects included in the study were not sequentially enrolled, hence the possibility of sampling bias cannot be ruled out.
Despite these limitations, we think our study is a valuable addition to the existing literature, as data available on the prevalence of comorbid AR and asthma and its inter-relationship in the Indian population is currently limited. Moreover, our study had a large sample size of 1161 patients and was conducted across ten cities of the country, providing a uniform geographical representation as well.
CONCLUSIONS
The results of the CARAS survey highlight the high prevalence of concomitant AR in Indian patients with asthma, especially in the southern region of India. A positive link was found between perennial AR and severity of asthma, suggesting that patients with perennial AR may be at a higher risk of developing more severe asthma. The high use of oral steroids indicates that the presence of concomitant AR in asthmatics may be associated with worsening of asthma symptoms. This reinforces the need for early diagnosis and guideline-based management of AR in patients with asthma.
